Thermodynamic calculations
Outokumpu HSC Chemistry 5.1 of chemical reaction and equilibrium software with an extensive thermochemical database was used for performing conventional thermodynamic calculations easily and quickly. The thermodynamic parameters were calculated for ZnO and TiO 2 whereas the chemical data of the reactants used to synthesize CdS and LiFePO 4 were unavailable in the software database. 
Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES) studies
The stoichiometric molar composition of CdS and LiFePO 4 samples were checked by ICP-AES (Inductively coupled plasma atomic emission spectrometer) using OPIMA 4300 DV from Perkin Elmer. Therefore, the XPS results clearly confirm the elemental oxidation states in the samples prepared by the pyro-synthesis. Further, it is also hereby confirmed that phase-pure functional nanocrystals with well-ordered structure is synthesized in just a few seconds and appears to favor cost-effective nanomaterial production. (e,f) High resolution images of CdS nanocrystals revealing lattice fringes but no bordering layers or coating effect.
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Elemental and Thermogravimetric-Differential thermal analysis (TG-DTA) results
Carbon content in the sample was analyzed using an elemental analyzer (EA-1110, Thermo Quest, Italy) and TG-DTA. The TG-DTA was performed in the temperature range of 25- Table S8 was also confirmed by the TG-DTA studies.
Optical studies of CdS and ZnO
For identifying optical properties of CdS and ZnO nanocrystals, optical absorption studies were performed in the wavelength of 300-800 nm using UV-visible spectrophotometer (Cary 100, Varian, Mulgrave, Australia) at room temperature. 
Anatase TiO 2 anode performance
Among the known metal oxides, anatase TiO 2 is well-known for its energy storage properties when used as anodes in Li-ion batteries and hence, electrochemical measurement was performed on Li-ion test cells fabricated using the prepared anatase TiO 2 anode and the results are displayed in Figure S8 . maintained by the pyro-TiO 2 electrode for the initial fifty electrochemical cycles whereas the insertion amount dwindles to 0.5 Li after the commercial electrode proceeds for six cycles at the same current rate. Hence, the high insertion capability and the considerable rate performances of the pyro-TiO 2 probably arise from the active material of particle sizes being well below 20 nm, as observed from electron microscopic studies. The small particle-size of the electrode material may effectively reduce ion-diffusion lengths and thereby improve the electrode kinetics and performance. Further, the gaseous products formed from the combustion of the polyol during the rapid pyro-synthesis prevents dense nucleation and the short reaction time not only prohibits coalescent grain growth but also facilitates the formation of highly crystalline nanoparticles that permits facile ion insertion/de-insertion at apparently higher charge/discharge rates. 
Preparations for pyro-LiFePO 4 :
The as-prepared olivine product (carbon-coated LiFePO 4 ) was used as such for the electrochemical investigations.
Olivine-type LiFePO 4 /C cathode performance
Olivine-type LiFePO 4 , which was traditionally known to be a poorly conducting material, has now emerged as a key performance cathode for high power lithium batteries. The paradigm shift in the electrical properties of the low-toxic and low-cost olivine is realized by crucial strategies of minimizing particle-sizes, mixing electrically conductive sources, cation doping and generating novel hierarchical structures. The pyro-synthesis can serve as a useful strategy to obtain surface carbon coatings on the nanomaterial products provided a careful selection of the starting precursors is followed. Given the fact that a starting precursor like phosphoric acid can accelerate polyol carbonization, the LiFePO 4 /C cathode produced by the pyro-synthesis demonstrates impressive electrochemical abilities even under high charge/discharge rates. The weight percentage of carbon content in the pyro-LiFePO 4 , estimated to be around 5% by elemental analysis (see Table S8 ), is taken into account during the specific capacity estimation.
The results of the electrochemical measurements performed on the LiFePO 4 /C cathode synthesized by the pyro-technique are illustrated in Figure S9 . were achievable when the olivine electrode was cycled under 1 C rate at 80°C 32 .Since then several carbo-thermal reduction and sol-gel preparation of carbon coated/composite electrodes are reported although the use of elevated reaction temperatures made the delimiting factors of particle growth and agglomeration inevitable [33] [34] [35] [36] . Moreover, minimizing particle-sizes to nanoscale regimes and obtaining particles with no serious agglomeration are also crucial to facilitate electrode power performances 37, 38 . However, an in-situ polymerization growth restriction method performed at high temperatures produced core-shell type LiFePO 4 /C electrodes with particle-sizes in the range 20-40 nm and uniform carbon coating layer of 1-2 nm thickness delivered capacities of 168 and 98 mAhg -1 at 0.6 and 60 C rates, respectively 39 .
Whereas a hydrothermal strategy utilizing phytic acid as the phosphorous source resulted in self- at 0.2, 1 and 8 C rates, respectively, with excellent cycle performances 43 . A hierarchically meso/macro porous structure of LiFePO 4 /Carbon monoliths by a nanocasting technique adopted to register capacities of 140 and 110 mAhg -1 at 0.1 and 5 C rates respectively is also known 44 .
Earlier, our group introduced the polyol-based refluxing, solvothermal and microwave syntheses to produce high performance LiFePO 4 and LiFePO 4 /C cathodes [45] [46] [47] [48] [49] respectively. As expected, the values clearly indicate that the solid-state sample show apparently bigger particle-sizes due to the elevated heat treatments aimed at obtaining highly crystalline single-phase particles. In fact, larger particle-sizes and particle agglomeration during synthesis of carbon-coated LiFePO 4 by solid-state reaction is already known 53, 54 . On the other hand, the polyol action to produce highly crystalline nanoparticles at comparatively lower synthetic temperatures is also known [55] [56] [57] .
7 Li Magic Angle Spinning Nuclear Magnetic Resonance (MAS-NMR) studies
Supplementary Figure S11. MAS-NMR spectral studies of olivine samples. 7 Li MAS NMR of LiFePO 4 samples prepared by pyro-synthesis and solid-state methods at a sample spinning frequency of 14 kHz with spinning side bands. The inset shows the magnified image of the observed 7 Li shift in the pyro-sample. 7 Li nuclear magnetic resonance (NMR) experiments were performed on the olivine samples prepared by pyro-synthesis and solid-state reaction using a Varian 200 MHz NMR spectrometer at the Korea Basic Science Institute in Daegu Center. The 7 Li NMR spectra, which were referenced to 1M LiCl solution at 0 ppm, are displayed in Figure S11 . All the spectra were acquired at a sample spinning frequency of 14 kHz and the isotropic resonances were verified by experiments at different spinning frequencies. The isotropic resonances of 7 Li NMR spectra of LiFePO 4 were known to depend on the hyperfine interactions between Fe 2+ ions and the lithium nucleus 58 . FeO 6 octahedra in the olivine structure are distorted from O h to C s symmetry, resulting in a split of the metal d-orbitals into A' and A" orbitals 12 . It was suggested that the absolute values of the 7 Li NMR shifts were determined by the numbers and angles of the Li-O-Fe bonds around the lithium 58 . In addition, the shifts can also be affected by any changes in the bond distances. The 7 Li shifts from -22.3 ppm for the solid state sample to -9.8 ppm for the pyrosynthesis sample ( Figure S11 inset) . This may have originated from different morphologies and sizes of the crystallites. It seems that there is a direct analogy between the size of the crystallites and the positive shift of the 7 Li resonance. Figure S12a shows the Ag metal powder synthesized by the pyro-synthetic approach. The powder color reflects the characteristic metallic gray color indicating that the precursor used does not contribute to carbon formation in the final product. Similar to the cases of CdS, ZnO and TiO 2 , the thermodynamic plot in Figure S12b reveals apparently more negative ΔG values than that of classically prepared Ag and thereby suggests that the pyro-synthesis appear to be more energetically favored than classic methods (Tables S9 and S10 ). The refined XRD pattern of pyro-Ag in Figure S12c corresponds to the standard Bragg diffraction lines of the cubic system and the average crystallite size calculated using the Scherrer formula was calculated to be 35 nm (Table S11 ). The Ag3d core-level spectra resolved into two component peaks of 3d 5 
Electron microscopic studies
Aspects related to polyol costs
For the practical realization of the pyro-synthetic strategy beyond lab-scale limits, the cost issues of polyols require to be addressed. In fact, literature reports on the introduction of polyols as low-cost solvents for the production of nanomaterials useful for a wide range of applications [63] [64] [65] [66] [67] [68] . Nevertheless, a list of solvents including the polyols used in the present study and their respective costs has been provided in Table S12 . It is evident from Table S12 . 
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Grinding
The aspects of sample processing adopted in various synthetic strategies need to be analyzed to understand the simplicity of the respective approaches. Hence, comparative flowcharts on the various steps involved in solid-state, sol-gel and pyro-synthetic reactions, specific to the case of producing energy materials like LiFePO 4 , have been depicted in Figure   S14 . In case of the solid-state reaction, presented in Figure S14 (a), initially dry mixing of appropriate quantities of precursors before ball milling of the reactants is required to achieve maximum homogenization. In order to realize particle-size minimization, high-energy ball milling for long time periods should be performed followed by preparing sample pellets by pelletizing and high temperature calcination in air, reducing, oxidative or inert atmosphere, depending on the target compound, for prolonged durations [69] [70] [71] [72] . Furthermore, repeated processes of grinding/milling and annealing are required to facilitate the formation of a single phase stoichiometric compound. And specific to certain materials as in the case of LiFePO 4 synthesis, inert environments like Argon (Ar) needs to be strictly maintained in order to maintain the highly unstable Fe (II) oxidation states and hence, such additional requirements can lead to excessively huge costs when considering mass production 31, [73] [74] [75] [76] . To ensure the improvement of the electrochemical abilities of olivine-type LiFePO 4 via mixing of conductive agents like carbon during solid-state reaction, high energy ball milling becomes mandatory to ensure the intimate mixing of the contents and formation of LiFePO 4 /C cathode 77 . Nonetheless, solution based synthetic strategies, that permit apparently more intimate and homogenous mixing of the precursors at the molecular level compared to that in solid-state methods, have become more common. The various stages involved in one of the well-known solution synthesis viz., sol-gel method is also provided as a flowchart in Figure S14b . The preliminary steps include the formation of a sol that is explained as a stable colloidal suspension of solid particles and the subsequent transformation to a gel with properties dependent on the particle-sizes. Following this, drying and calcination processes are performed to remove the liquids from the particle/pore surfaces before the final product is obtained 78, 79 . However, the pyro-synthesis may be represented by few simple steps as shown in Figure S14c though re-dispersion efforts may be desirable for sulfides. Unlike the commercial solid-state reaction involving tedious stages and a batch-by-batch method of sample processing, the pyro-synthesis of LiFePO 4 represents a continuous process that includes just two stages of dissolving the precursor and collecting the final powder after polyol combustion. Although the pyro-synthesis produces nanomaterials, for some of which post-treatments may be desirable dependent on the application, the present approach may pave the way for introducing strategies that may lead to simple and facile methods of nanomaterial production beyond the laboratory scale level.
